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INTRODUCTION 


The  okra  plant  (Hibiscus  esculentus  L.)  is  widely  grown  for  its 
fruit  which,  in  the  immature  state,  has  been  used  as  a  food  for  at  least 
eight  centuries  (8).1  Because  of  the  nature  of  its  use,  it  is  ordinarily 
classed  as  a  vegetable.  The  characteristics  of  the  plant  and  its  cul- 
tural requirements  have  been  stated  by  Beattie  (2)  and  by  Jones 
and  Rosa  (9).  Its  uses  in  cookery  are  discussed  by  several  writers 
(2,  7,  10).  Methods  of  canning  it  have  been  described  by  Cruess  (5) 
and  others  (3,  10,  11).  From  time  to  time  it  has  been  analyzed  for 
various  constituents,  and  these  analyses  have  been  summarized  by 
Chatfield  and  Adams  (4).  Woodroof  (14)  discusses  some  practical 
problems  in  the  production  and  use  of  the  material.  He  reports 
(14,  V- 180)  the  analytical  results  of  Friedeman  giving  the  composition 
of  several  varieties  of  the  edible  immature  fruits  and  of  the  mature 
inedible  material.  Winton  and  Winton  (13)  have  summarized  the 
results  of  various  studies  of  the  morphology  and  anatomy  of  the  plant 
and  of  the  chemistry  of  the  fruit.  No  one  seems  to  have  followed 
closely  the  changes  in  composition  with  growth  and  development  of 
the  fruit. 


Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  17. 
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PURPOSE  OF  THE  STUDY 

The  present  investigation  was  carried  out  for  the  purpose  of  deter- 
mining the  nature  of  certain  chemical  changes  in  the  fruit  of  the  okra 
plant  as  growth  and  ripening  occur,  and  of  correlating  these,  insofar 
as  possible,  with  the  rate  of  growth  and  the  eating  quality  of  the 
material.  It  also  seemed  of  interest  to  ascertain  the  effect  of  tem- 
perature upon  the  rate  of  growth  at  various  stages  during  the  growing 
period. 

In  addition  to  the  study  of  the  growth  and  changes  in  chemical 
composition  of  the  fruit  as  a  whole,  similar  studies  were  made  sep- 
arately upon  the  ovarial  wall,  the  placental  tissue,  and  on  the  seeds, 
separate  sets  of  samples  of  each  being  preserved  for  the  purpose. 

The  changes  in  the  eating  quality  of  the  fruit  accompanying  the 
changes  in  composition  were  determined  by  means  of  cooking  and 
canning  tests. 

MATERIALS  AND  METHODS 

The  material  for  the  chemical  analyses  was  grown  at  the  Arlington 
Experiment  Farm,  Arlington,  Va.,  on  a  fertile,  sandy  soil  formed  by 
dredging  operations  along  the  Potomac  River.  The  Perkins  Im- 
proved variety  was  used.  The  planting  was  made  June  2,  and  the 
plants  began  fruiting  in  August.  For  the  purpose  of  identifying 
fruits  of  known  age,  a  record  was  kept  of  the  flowering  dates  for  a 
large  number  of  fruits  by  labeling  each  fruit  with  a  tag  bearing  the 
date  on  which  the  flower  expanded.  Fruits  were  harvested  as  they 
reached  the  stage  of  maturity  generally  considered  desirable  for 
cooking.  The  samples  were  taken  between  August  23  and  September 
20.  The  temperature  was  intermediate  between  those  of  the  hottest 
part  of  the  summer  and  those  of  the  cooler  fall  and  averaged  67°  F., 
but  the  first  10  days  of  the  period  averaged  about  70°,  whereas  the 
last  10  averaged  64°.  Under  these  conditions  it  would  be  expected 
that  the  development  in  the  early  days  of  the  period  would  be  some- 
what more  rapid  than  that  of  the  latter  part. 

Methods  of  Analyzing  the  Material 

Samples  were  taken  on  the  day  the  flowers  opened  and  at  1-  to  4- 
day  intervals  until  the  fruits  were  34  days  old.  The  fruits  of  the 
oldest  samples  were  beginning  to  dry  slightly  at  the  tip,  and  the 
majority  of  the  seeds  were  black  and  fully  developed  but  not  dry. 
The  samples  were  collected  about  10  a.  m.,  weighed,  and  the  length 
and  diameter  of  each  fruit  recorded.  Fifty  to  one-hundred  fruits 
were  required  to  give  sufficient  material  for  the  chemical  samples  in 
the  first  three  or  four  stages.  For  the  older  material  10  to  12  fruits 
were  taken  at  each  sampling.  After  chopping  the  material  into  small 
pieces  and  mixing,  100-gm.  samples  were  weighed  out  in  triplicate 
and  95-percent  alcohol  was  added  to  make  the  final  concentration 
75  to  80  percent.  The  alcohol  was  brought  to  a  boil,  arid  the  tops  of 
the  jars  in  which  the  samples  were  preserved  were  clamped  down  while 
the  alcohol  was  boiling,  which  excluded  most  of  the  air  from  the  con- 
tainers. 

Two  series  of  samples  were  taken,  one  of  the  entire  fruits  taken  at 
intervals  beginning  at  date  of  bloom  and  continuing  to  the  34-day 
stage  of  maturity,  the  other  in  which  the  fruits  were  separated  into 
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seeds,  wall,  and  placental  regions.  Samples  for  the  latter  series  were 
taken  at  4-day  intervals  from  the  10-day  stage  to  the  34-day  stage. 
The  weights  of  the  different  parts  of  the  fruit  were  obtained  and  the 
proportional  amounts  of  each  calculated  as  percentages  of  the  whole 
fruit. 

The  samples  were  extracted  by  decanting  the  alcohol  through  an 
extraction  thimble,  the  residue  was  then  ground,  placed  in  the  extrac- 
tion thimble,  washed  repeatedly  with  small  quantities  of  alcohol, 
and  the  washings  added  to  the  alcohol  used  for  preservation  of  the 
sample.  The  thimble  containing  the  material  was  then  placed  in  a 
Soxhlet  apparatus  and  extracted  8  hours  with  95-percent  alcohol. 

The  extracts  were  combined,  made  up  to  volume  and  aliquot  por- 
tions used  for  the  determination  of  soluble  solids,  sugars,  acids,  and 
total  astringency.  The  residue  was  dried  and  weighed,  giving  the 
value  for  the  insoluble  solids. 

The  soluble  solids  were  determined  by  taking  triplicate  25-cc. 
aliquots  of  the  extract,  evaporating  off  the  alcohol  at  60°  C.  on  a  water 
bath,  then  drying  the  solids  over  calcium  oxide  in  a  vacuum  oven 
under  an  absolute  pressure  of  5  inches  of  mercury  at  a  temperature 
of  75°  C.  The  weight  of  the  soluble  and  the  insoluble  solids,  com- 
bined, gave  the  total  weight  of  solids  of  the  sample. 

Sugars  were  determined  by  the  volumetric  permanganate  modifica- 
tion of  the  Munson-Walker  method,  total  astringency  by  the  modified 
Loewen thai-Procter  method,  total  acidity  by  titration  with  N/10 
sodium  hydroxide  and  calculated  as  citric  acid,  and  total  nitrogen 
by  the  Gunning-Arnold  method,  all  as  described  in  the  official  methods 
of  the  Association  of  Official  Agricultural  Chemists  (7). 

Methods  of  Study  of  the  Growth 

From  the  records  of  the  average  fresh  weight  per  fruit  and  the 
percentage  composition,  the  net  accumulation  of  the  various  constit- 
uents in  the  fruit  for  each  interval  of  the  period  of  sampling  has  been 
calculated.  This  gives  a  record  of  the  growth  and  quantitative 
chemical  change  that  occurred  during  the  period  in  which  the  samples 
were  taken.  It  did  not  appear  feasible  to  make  a  sufficient  number  of 
determinations  upon  material  grown  at  different  temperatures  to  as- 
certain the  relation  of  temperature  to  the  rate  of  change  of  the  various 
chemical  constitutents.  The  influence  of  temperature  upon  the  rate 
of  growth  of  the  fruit  appeared  to  be  of  sufficient  importance,  however, 
to  warrant  an  effort  to  obtain  some  information  as  to  its  effect.  Con- 
sequently, the  effect  of  the  prevailing  temperature  upon  the  rate  of 
increase  in  length  of  the  fruit  as  grown  under  field  conditions  was 
determined.  Measurements  were  made  of  the  length  of  several  hun- 
dred growing  fruits  at  24-hour  intervals  from  the  time  the  bloom 
was  shed  until  growth  ceased.  These  data  were  accumulated  by 
making  a  series  of  measurements  of  growing  fruits  at  various  periods 
throughout  the  season  from  July  to  killing  frost,  and  continuing  such 
series  of  measurements  during  three  successive  growing  seasons.  In 
each  series  there  were  included  fruits  of  all  ages,  from  those  which 
had  just  dropped  the  petals  to  those  which  had  practically  completed 
their  growth.  Consequently,  each  series  of  measurements  afforded 
material  for  study  of  the  effect  of  the  prevailing  temperature  upon 
fruits  at  various  stages  of  development. 
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Records  of  the  prevailing  air  temperatures  were  made  by  means  of 
a  carefully  calibrated  thermograph  placed  in  the  field  in  the  midst  of 
the  growing  plants.  The  measurements  of  growth  were  made  by 
means  of  calipers  graduated  in  millimeters.  The  measurements  were 
made  at  24-hour  intervals  and  were  always  taken  in  the  early  morn- 
ing, when  the  fruits  were  fully  turgid.  The  growth  rate  is  thus  based 
upon  a  24-hour  period.  The  mean  hourly  temperature  for  each  period 
was  taken  as  the  prevailing  temperature.  Many  measurements  were 
made  twice  each  day  at  about  9  to  10  a.  m.  and  at  4  to  5  p.  m.,  but 
these  were  used  only  to  determine  the  effect  of  day  and  night  upon 
the  rate  of  growth. 

The  measurements  upon  the  fruits  were  made  at  all  lengths  begin- 
ning at  date  of  bloom  and  continuing  until  they  reached  full  length. 
Thus  the  effect  of  temperature  upon  the  changes  in  size  and  composi- 
tion of  the  fruits  at  various  stages  of  growth  was  determined. 

The  difference  in  the  length  of  the  fruit  at  the  beginning  and  at  the 
end  of  each  period  was  taken  as  the  growth  increment  of  the  period. 
The  length  of  the  fruit  for  the  period  was  taken  as  the  average  of  its 
length  at  the  beginning  and  at  the  end  of  the  period. 

The  data  as  tabulated  included  several  thousand  measurements 
made  at  various  temperatures  and  at  all  stages  of  growth.  The  meas- 
urement readings  were  then  classified  into  8  groups  according  to  the 
temperature  prevailing  during  the  period  in  which  they  were  taken. 
Those  between  45°  and  50°  F.,  averaging  47.5°,  constituted  the  first 
group;  those  between  50°  and  55°,  averaging  52.5°,  the  second;  and 
so  on  at  5°  intervals,  the  last  interval  being  80°  to  85°,  averaging  82.5°. 
The  data  in  each  group  were  then  classified  into  6  subgroups  according 
to  the  length  of  the  growing  fruit.  Readings  on  fruits  1  to  3  cm.  long 
were  put  into  1  subgroup,  those  3.1  to  6  cm.  long  into  a  second  sub- 
group, and  so  on  at  3  cm.  intervals  to  15  cm.  All  fruits  between  15 
and  20  cm.  were  put  into  the  last  group.  Thus  48  classes  were  made. 
The  values  in  each  class  were  then  averaged  and  the  results  tabulated. 
The  method  of  classification  will  be  apparent  from  table  1.  The 
means  thus  obtained  were  then  plotted,  first  with  temperature  as  the 
abscissa,  giving  a  system  of  8  curves,  and  then  with  fruit  length  as 
the  abscissa,  giving  a  system  of  6  curves.  By  means  of  a  spline,  curves 
were  fitted  to  the  points  plotted  in  such  a  way  as  to  make  the  sum  of 
the  squares  of  the  deviations  as  nearly  a  mininium  as  could  be  deter- 
mined by  simple  arithmetical  calculations.  The  values  of  the  growth 
rates  represented  by  the  midpoints  of  each  of  the  class  intervals  were 
read  from  the  smoothed  curves  for  both  systems  of  curves. 


Table  1. — Effect  of  temperature  and  stage  of  development  upon  the  rate  of  growth  of 
the  fruit  of  the  okra  plant  under  field  conditions 


Rate  of  grovrth  per  24  hours  at  mean  temperatures  (c 

F.)  shown 

(centimeters) 

47. 5C 

52.5° 

57.5° 

62.5° 

67.5° 

72. 5 z 

77.5° 

82.5° 

0-3  0 

Centi- 
meter 

0.21 
.29 
.38 
.42 
.43 
.32 

Centi- 
meter 
0.25 
.38 

.  55 
.66 
.67 
.43 

Centi- 
meter 

0.30 
.50 

.'% 

.97 
.58 

Centi- 
meters 

0.38 
.71 
1.09 
1.35 
1.36 
.SO 

Centi- 
meters 
0.50 
1.01 
1.49 
1.  77 
1.77 
1.10 

Centi- 
meters 
0.68 
1.33 
1.94 
2.24 
2.23 
1.50 

Centi- 
meters 
0.90 
1.71 
2.45 
2.78 
2.77 
1.97 

Centi- 
meters 

1.15 

3.1-6.0          

2.12 

6.1-9.0 

2.96 

9.1-12.0              

3.36 

12.1-15.0 

15.1-20.0           

3.34 
2.50 
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Corresponding  values  in  the  two  systems  of  curves  obviously 
should  be  the  same,  but  there  were  a  number  of  small  discrepancies. 
Corresponding  values  of  the  growth  rates  in  the  two  systems  of  curves 
were  then  averaged  and  the  results  again  plotted  in  the  same  way  as 
at  first.  Values  of  the  growth  rates  at  corresponding  points  in  the 
two  systems  of  curves  now  agreed  much  more  closely  than  was  the 
case  at  first.  The  process  was  repeated  two  additional  times,  thus 
obtaining  values  that  lay  almost  exactly  upon  smooth  curves,  no 
matter  in  which  way  they  were  plotted.  The  final  results  represented 
the  most  probable  values  of  the  growth  rates  for  the  entire  set  of 
observations. 

Methods  of  Making  Cooking  and  Canning  Tests 

Each  cooking  test  was  made  by  taking  10  to  12  fruits  of  known  age, 
washing,  removing  the  inedible  stems  and  basal  portions,  placing 
the  fruits  in  a  convenient-size  kettle  to  which  was  added  sufficient 
2-percent  brine  to  cover  them,  bringing  the  solution  to  a  boil,  and 
boiling  for  20  minutes.  The  degree  and  character  of  the  flavor  was 
estimated  by  tasting  and  the  presence  of  fiber  and  other  character- 
istics determining  the  texture  were  noted.  The  different  samples 
were  also  compared  with  respect  to  color  and  general  appearance. 
The  tests  were  all  made  on  the  same  day  with  fruits  from  4  to  14 
days  of  age  and  differing  in  age  by  2  days. 

Sufficient  numbers  of  fruits  that  had  been  tagged  at  blooming  were 
not  available  for  the  canning  tests,  hence,  the  ages  of  the  fruits  used 
were  estimated  from  their  length  as  compared  with  the  length  of  a 
representative  number  of  tagged  fruits.  Tests  were  made  at  6,  8, 
10,  and  12  days  of  age.  After  washing  and  removing  the  inedible 
basal  portion,  the  fruits  were  chopped  into  pieces  %  to  1  inch  in 
length.  These  were  placed  in  No.  2  enameled  tin  cans  and  2-percent 
brine  was  added,  leaving  the  proper  head  space.  The  cans  were 
exhausted  4  minutes,  sealed,  then  processed  at  15  pounds  steam  pres- 
sure for  40  minutes,  and  cooled  in  water.  After  approximately  5 
months  in  storage  the  cans  were  opened  and  the  color,  texture,  and 
flavor  of  the  contents  noted,  as  in  the  case  of  the  cooked  material. 

EXPERIMENTAL  RESULTS 

Composition  of  the  Entire  Fruit 

Results  of  the  chemical  analyses  of  the  entire  fruit  are  given  in 
table  2.  From  the  standpoint  of  the  use  of  the  fruit  as  a  food  it  is 
low  in  nutritive  value,  because  it  is  low  in  its  content  of  soluble  solids, 
sugars,  and  acidity  and  only  medium  in  the  amount  of  total  solids, 
total  nitrogen,  and  astringency  present.  Certain  constituents  vary 
considerably  with  the  age  of  the  fruit  whereas  others  change  very 
little.  The  effect  of  age  on  the  composition  is  shown  by  the  curves 
in  figure  1. 

Under  the  conditions  prevailing  during  the  growth  of  the  material 
used  in  these  tests,  the  percentage  of  total  solids  present  in  the  fruit 
decreased  from  date  of  bloom  to  about  the  14-day  stage,  after  which 
it  increased  to  the  34-day  stage.  The  soluble  solids  did  not  change 
very  greatly  with  increase  in  age.  Consequently,  the  changes  in  the 
insoluble  solids  very  closely  parallel  the  changes  in  the  total  solids. 
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The  total  sugar  content  increased  to  about  the  10-day  stage  and 
then  decreased  to  the  34-day  stage,  although  the  results  are  somewhat 
irregular.  The  results  show  a  tendency  for  the  nonreducing  sugar  to 
decrease  throughout  the  sampling  period,  although  the  differences  are 
not  very  significant  for  the  first  10  days.  The  reducing  sugar  very 
definitely  increased  to  the  10-day  stage,  after  which  it  declined  to  the 
34-day  stage. 

The  changes  in  the  acidity  and  the  astringent  materials  appear  to 
be  of  little  importance  from  the  standpoint  of  the  use  of  the  material 
in  cookery.     The  acidity  increased  slightly  to  the  18-day  stage  and 
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Figure  1. — Fresh  weight  and  solids  of  the  fruit  of  the  okra  plant  when  harvested 
at  2-day  intervals  from  date  of  flowering. 

then  decreased  to  the  34-day  stage.  The  astringency  was  highest  in 
the  samples  of  the  first  or  bloom  stage,  lowest  in  the  intermediate 
stages,  but  somewhat  higher  in  the  material  of  the  last  three  stages. 

Composition  of  Different  Parts  of  the  Fruit 

The  wall  and  placental  regions  are  lower  in  their  total  solids  content 
than  the  seeds,  which  with  very  few  exceptions  have  a  higher  content 
of  all  the  constituents  of  the  total  solids  at  all  stages  of  maturity  than 
the  wall  or  placental  tissues.  There  are  generally  no  great  differences 
between  the  wall  and  the  placental  tissues.  The  content  of  total 
solids,  insoluble  solids,  reducing  and  total  sugar  tends  to  be  slightly 
higher  in  the  wall  than  in  the  placental  region. 
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In  the  seeds  the  content  of  soluble  solids,  sugars,  and  titratable 
acidity  decreased  with  age,  whereas  the  insoluble  solids,  the  total 
solids,  and  the  total  nitrogen  increased  with  age.  In  the  wall  and  pla- 
cental tissues  there  was  no  marked  change  in  the  content  of  acidity 
and  of  total  nitrogen,  but  the  sugar  content  decreased  and  insoluble 
and  total  solids  increased. 

GROWTH  OF  THE  FRUIT  AND  THE  ACCUMULATION 
OF  VARIOUS  CONSTITUENTS 

The  yield  and  the  table  quality  of  the  fruit  depend  very  largely  on 
the  amount  of  growth  that  has  taken  place  at  the  time  of  harvest. 
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-The  fresh  weight  per  fruit  of  okra  and  net  accumulation  of  some 
constituents  with  increase  in  age  from  date  of  bloom. 


The  fresh  weight  of  the  fruit  increased  slowly  for  the  first  6  or  7  days, 
then  rapidly  and  at  nearly  a  constant  rate  to  about  the  17-day  stage, 
then  slowly  to  about  the  22-  or  23-day  stage,  after  which  there  was  a 
decrease  to  the  34-day  stage.  The  growing  period  of  the  fruit  may, 
therefore,  be  divided  roughly  into  three  periods  according  to  the 
change  in  the  fresh  weight.  The  first  may  be  termed  the  period  of 
increasing  rate,  the  second  the  constant-rate  period,  and  the  third  the 
period  of  decreasing  rate.  The  change  in  the  fresh  weight  in  the 
earlier  stages  of  growth  is  chiefly  the  result  of  the  net  accumulation  of 
water  and  secondarily  of  increase  in  solids;  in  the  later  stages  it  is  due 
to  accumulation  of  solids  or  dry  matter  consisting  of  several  important 
constituents,  accompanied  by  increase  and  later  by  decrease  in  water. 
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The  rate  at  which  the  constituents  accumulate  and  the  relationship 
of  the  changes  in  the  rates  for  each  constituent  to  the  rates  of  the 
others  are  shown  in  figure  2. 

The  curves  showing  accumulation  of  total  solids,  total  nitrogen,  and 
insoluble  solids  have  rather  long  constant-rate  periods.  The  sugars 
accumulate  to  about  the  14-day  stage  and  then  decrease  to  the  34-day 
stage.     The  soluble  solids  increase  to  the  22-day  stage  and  then 
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Figure  3. — Dry  weight  of  seed  and  of  the  wall  and  placental  tissues  of  the  okra 
fruit  when  harvested  at  different  ages  from  date  of  flowering.  The  fresh 
weight  is  also  shown  for  comparison:  A,  Dry  weight  of  placental  tissue  of 
okra  fruit;  B,  dry  weight  of  seed  of  fruit;  C,  dry  weight  of  wall  tissue  of  fruit; 
D,  fresh  weight  of  the  entire  fruit. 

decrease  whereas  acidity  increases  to  the  18-day  stage  after  which 
there  is  little  change. 

Until  the  8-  or  10-day  stage  the  seeds  make  up  a  very  small  part  of 
the  entire  fruit.  Beyond  the  10-day  stage  the  fresh  weights  of  the 
seeds  and  the  placental  tissue  were  nearly  equal,  each  being  much  less 
than  the  weight  of  the  wall  tissues. 

The  rates  of  accumulation  of  the  total  solids  in  the  wall  and  pla- 
cental tissue  and  in  the  seed  are  shown  in  figure  3.  In  the  later  stages 
of  development  the  seeds  accumulate  dry  matter  much  more  rapidly 
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than  do  the  tissues,  whereas  in  the  very  early  stages  the  wall  tissue 
increases  most  rapidly  in  weight  and  the  placental  tissue  most  slowly. 
The  total  sugars  accumulate  in  all  three  parts  of  the  fruit  to  about 
the  14-day  stage,  after  which  they  decrease  (table  2).  From  the  10- 
day  stage  onward  nitrogen  accumulated  rapidly  in  the  seeds  to  the 
34-day  stage,  but  the  increase  hi  nitrogen  in  the  wall  and  placental 
regions  was  less  rapid,  ceasing  and  being  replaced  by  decrease  after 
the  30-day  stage. 

Effect  of  Temperature  Upox  the  Elon/gatiox  of  the  Fruit 


The  effect  of  the  prevailing  temperatures  upon  the  rate  of  increase 
in  length  of  the  fruit  for  5-degree  intervals  between  47.5°  and  82.5° 

The  rate  of  elongation  increases  with  increase 


F.  is  shown  in  figure  4. 


60  65 

TEMPERATURE 


CF.) 


Figure  4. — Rate  of  increase  in  length  of  the  growing  okra  fruit  as  affected  by 
temperature.  The  various  curves  represent  the  rates  for  fruits  of  different 
lengths.  The  curves  are  based  upon  the  average  results  of  fruits  that  attained 
a  final  length  of  15  to  20  cm.,  the  average  being  17.3  cm. 

in  temperature  in  a  manner  that  is  represented  by  lines  of  only  moder- 
ate curvature.  The  most  rapid  rate  of  increase  occurs  at  the  higher 
temperatures.  The  rate  somewhat  more  than  doubled  for  each  18° 
F.  (10°  C.)  rise  in  temperature  at  practically  all  stages  of  development 
and  at  every  range  of  temperature.  On  this  basis,  harvesting  of 
fruits  would  have  to  be  made  between  two  and  three  times  as  often 
at  78°  as  at  60°  F. 

The  rate  of  growth  also  is  different  at  different  stages  of  development. 
The  relationship  between  the  rate  of  increase  in  length  and  the  length 
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attained  at  any  time  is  shown  in  figure  5.  It  is  noted  that  the  rate 
of  increase  in  length  becomes  progressively  more  rapid  from  the  flower- 
ing stage  until  the  fruit  is  about  11  or  12  cm.  in  length  and  then 
becomes  less  and  less  rapid  until  the  fruit  has  reached  its  final  length 
(17.3  cm.  in  this  material). 

From  the  rates  of  growth,  the  periods  of  time  required  for  the 
fruit  to  reach  various  lengths  have  been  calculated  and  the  results 


6         7 
LENGTH 


Figure  5. — Rate  of  increase  in  the  length  of  the  growing  okra  fruit  as  related  to 
the  length  it  has  attained.  The  measurements  were  made  in  the  field  upon  a 
group  of  pods  that  attained  a  final  length  of  between  15  and  20  cm.,  the  average 
being  17.3  cm.  The  different  curves  represent  the  rate  of  growth  at  different 
temperatures. 

given  in  table  3.  The  general  relationship  of  time  and  temperature 
to  the  amount  of  growth  made  is  more  clearly  shown  by  the  curves 
in  figure  6.  These  curves  take  a  somewhat  different  form  from  the 
curve  of  the  fresh  weight  as  shown  in  figure  2.  This  indicates  that 
the  fresh  weight  is  not  directly  proportional  to  the  length.  This  is 
due  to  the  increase  in  diameter  of  the  fruit.  A  large  number  of  meas- 
urements of  the  diameters  of  the  fruits  were  made,  and  it  may  be  of 
interest  to  note  that  very  often  the  diameter  increased  for  a  somewhat 
longer  period  than  did  the  length  of  the  fruit. 
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Effect  of  Day  and  Night  on  Growth 

Measurements  made  at  8  to  9  a.  m.  and  4  to  6  p.  m.  showed  that 
the  rate  of  growth  during  the  day  averaged  only  slightly  more  than 
during  the  following  night,  in  spite  of  the  fact  that  the  temperature 
was  sometimes  10°  to  12°  higher  during  the  day  period.  Thus  at 
equal  average  temperatures  the  night  period  had  a  higher  rate  of 
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Figure  6. — Relationship  between  the  age  of  the  growing  fruit  and  its  length 
at  various  temperatures.  The  curves  were  plotted  from  estimated  values 
obtained  from  the  rates  of  growth  of  fruits  of  various  lengths  at  various  tem- 
peratures. 

growth  than  the  day  period.  Several  factors  may  have  contributed 
to  this  behavior.  The  greater  relative  humidity  and  the  lessened 
transpiration  during  the  night  favored  the  accumulation  of  water  in 
the  fruit  that  in  turn  favored  the  extension  of  the  fruit  in  length.  It 
would  have  been  of  very  great  interest  to  have  compared  the  rates  of 
accumulation  of  the  various  chemical  constituents  during  the  day 
with  those  during  the  night.  However,  it  was  not  possible  to  make 
the  necessary  number  of  analyses  to  determine  the  differences  in  the 
day  and  night  rates. 
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Table  3. —  The  estimated  length  of  the  fruit  of  the  okra  plant  after  various  periods 
of  growth  at  various  temperatures 

[Calculated  for  fruits  that  attain  a  final  length  of  17.3  cm.] 


Age  (days) 

Length  of  fruit  when  grown  at  temperatures  (°  F.)  shown 

47.5 

52.5 

57.5 

62.5 

67.5 

72.5 

77.5 

82.5 

0 

Cm. 
1.50 
1.71 
1.93 
2.15 
2.39 
2.62 
2.87 
3.12 
3.38 
3.64 
3.92 
4.20 
4.49 
4.78 
5.09 
5.40 
5.72 
6.05 
6.38 
6.72 
7.09 
7.46 
7.84 
8.22 
8.60 
9.00 
9.41 
9.82 
10.23 
10.68 
11.43 

Cm. 

1.50 

1.75 

2.01 

2.28 

2.57 

2.88 

3.19 

3.52 

3.87 

4.22 

4.59 

4.99 

5.41 

5.85 

6.33 

6.82 

7.35 

7.90 

8.48 

9.08 

9.71 

10.36 

11.03 

11.71 

12.40 

13.09 

13.  76 

14.41 

15.03 

16.61 

17.01 

Cm. 

1.50 

1.81 

2.13 

2.47 

2.82 

3.21 

3.63 

4.07 

4.56 

5.08 

5.65 

6.27 

6.95 

7.70 

8.51 

9.37 

10.29 

11.26 

12.22 

13.22 

14.17 

15.03 

Cm. 

1.50 

1.90 

2.35 

2.86 

3.43 

4.16 

4.86 

5.67 

6.58 

7.62 

8.78 

10.05 

11.40 

12.78 

14.12 

15.34 

16.32 

16.97 

17.  30 

Cm. 

1.50 

1.75 

2.30 

2.94 

3.70 

4.58 

5.59 

6.78 

8.06 

9.66 

11.37 

13.15 

14.83 

16.41 

17.30 

Cm. 

1.50 

2.20 

3.13 

4.29 

5.73 

7.48 

9.52 

12.24 

14.42 

16.01 

16.66 

17.05 

17.30 

Cm. 

1.50 

2.53 

3.87 

5.60 

7.84 

10.54 

13.42 

15.93 

16.81 

17.30 

Cm. 
1.50 

1  .. 

2.84 

2 

4.64 

3                              

7.  12 

4 

10.23 

5.. 

13.57 

6... 

16.30 

7 

17.30 

8 

9 

10 

11 

12 

13-   - 

14 

15 

16     ... 

17 

18 

19... 

20 

21 

22 

15.79 
16.37 
16.80 
17. 13 

23 

24... 

25 

26... 

17.30 

27 

28 

29 

30 

Probably  of  greater  importance  than  the  effect  of  difference  in 
humidity  was  the  direct  inhibiting  influence  of  light. 

COOKING  TESTS 

The  observations  upon  the  material  cooked  after  harvesting  at 
different  ages  are  summarized  in  table  4.  The  color  of  the  material 
did  not  vary  greatly  except  at  the  4-  and  14-day  stages,  in  which 
cases  the  material  was  darker  than  at  the  intermediate  stages.  The 
color  was  satisfactory  at  the  6-  to  10-day  stages.  Beyond  the  10-day 
stage  the  material  was  distinctly  brown  and  became  progressively 
darker  with  increasing  age.  Darkening  was  obviously  due  for  the 
most  part  to  the  dark  substances  in  the  seed  coats  {12). 

The  flavor  was  always  characterized  by  a  mildness  due  to  lack  of 
acidity.  The  material  was  also  decidedly  lacking  in  sweetness.  The 
flavor  did  not  vary  greatly  at  any  stage  of  maturity.  The  material 
4  to  6  days  of  age  seemed  to  have  somewhat  more  body  or  "substance" 
than  the  older  material  and  probably  for  this  reason  seemed  a  little 
richer  in  flavor. 

The  most  pronounced  change  accompanying  increased  age  was  the 
change  in  texture.  The  pectinlike,  gummy,  or  mucilaginous  sub- 
stances that  give  okra  its  distinctive  character  were  present  at  all 
stages  tested.  This  character  predominated  to  such  an  extent  that 
the  texture  made  no  very  important  change  until  about  the  10-  or 
12-day  stage  at  which  time  a  fibrous  structure  became  noticeable  and 
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quickly  increased,  rendering  the  material  unsuitable  for  table  use. 
At  the  10-  or  12-day  stage  the  seeds  had  become  large  enough  to  be 
objectionable  and  contributed  further  to  the  undesirable  texture. 

Table  4. —  The  effect  of  age  upon  the  color,  flavor,  and  texture  of  okra  when  cooked 
in  2-percent  salt  solution 


Age 
(days) 

Aver- 
age 
length 

Color 

Flavor 

Texture 

4 

6 

8 

10 

12 

14 

Cm. 

2.8 

5.7 
9.5 
14.0 
16.5 
17.5 

Dark   brownish   green.    Not 

best. 
Brownish  green.    Good 

Light  brownish  green.    Very- 
good. 
Light  green.    Very  good 

Brownish  green.     Good 

Dark  brownish  green.    Poor.. 

Mild,  richest,  pleas- 
ant.   Very  good. 

Mild,  pleasant.  Very 

good. 
do 

Pleasant.    Good 

do 

Somewhat  under  best. 

Very  tender  but  retains  form. 
Good  substance. 

Very  tender.  Tends  to  dis- 
integrate slightly. 

Very  tender.  Tends  to  dis- 
integrate. 

Seeds  slightly  noticeable .  Dis- 
integrates. 

Fiber  and  seeds  rather  notice- 
able. 

Fiber  and  seeds  objectionable. 
Very  poor. 

There  was  a  pronounced  tendency  for  the  material  to  shrink, 
collapse,  and  even  to  disintegrate  in  cooking  or  canning.  The  very 
young  material  held  its  form  better  than  any  other.  There  appears 
to  be  considerable  air  in  the  fruits,  which  is  at  least  partly  driven 
out  during  cooking.  The  specific  gravity  is  low  (table  5)  and  would 
indicate  that  20  to  30  percent  of  the  volume  of  the  fruit  is  occupied 
by  air.  It  is  apparent  that  the  specific  gravity  of  the  material  de- 
creases with  age. 

Tests  were  made  upon  the  resistance  of  the  outer  coat  of  the  fruit 
to  puncture,  using  the  pressure  tester  of  Culpepper  and  Magoon  (6). 
The  results  obtained  during  the  period  in  which  the  chemical  samples 
were  taken  are  given  in  table  5.  The  instrument  here  used  was 
unsatisfactory  for  this  particular  material  and  appears  of  little  value 
either  for  estimating  the  age  or  the  quality  of  the  fruit.  It  would 
appear  that  an  instrument  designed  to  test  the  resistance  of  the 
fruit  to  cutting  transversely  would  be  more  satisfactory,  but  no  tests 
of  this  nature  were  made. 

CANNING  TESTS 


The  effect  of  age  on  the  quality  of  the  canned  material  was  similar 
to  that  observed  in  the  cooked  material.  The  canned  material  was 
considerably  darker  and  less  green  than  the  material  after  cooking. 
The  difference  in  the  amount  of  discoloration  in  young,  medium,  and 
old  material  was  more  pronounced  than  in  the  cooked  material,  the 
14-day  material  appearing  very  unattractive.  The  flavor  was  fairly 
satisfactory,  although  considerably  less  pleasing  than  in  the  cooked 
material.  The  true  flavor  did  not  vary  greatly  in  materials  of  dif- 
ferent ages,  but  there  was  a  slight  preference  on  the  part  of  the  experi- 
menters for  the  youngest  material. 
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Table  5. — The    specific    gravity    and    resistance    to   puncture    of  fruits    of    okra 

harvested  at  different 


Age  of  fruit 
(days) 

Length 

Specific 
gravity 

Pressure 
test 

Age  of  fruit 
(days) 

Length 

Specific 
gravity 

Pressure 
test 

0                 

Cm. 
1.2 
1.7 
2.3 
4.7 
8.5 
14.5 
16.0 

Grams 
191 
189 
227 
258 
257 
264 
293 

14 

18 

22 

20 

Cm. 
17.5 
18.9 
19.0 
19.8 
19.0 
19.5 

0.710 
0.715 
0.708 
0.687 
0.659 
0.665 

Grams 
298 

2 

4 

6 

0.852 
.841 
.742 
.765 
.702 

7              :__. 

30 

34 

10 

12 

The  tendency  to  disintegrate  was  more  pronounced  in  the  canned 
material  than  in  the  cooked.  This  tendency  appeared  most  pro- 
nounced at  the  8-  and  10-day  stages,  and  was  probably  due  to  the 
tender  character  and  the  rather  higher  moisture  content  at  this  time. 
The  moisture  content  reached  its  highest  point  at  the  14-day  stage, 
but  the  material  was  then  less  tender  and  more  fibrous.  At  stages 
younger  than  the  8-day  stage  the  material  was  tender  but  had  a 
lower  moisture  content  and  consequently  appeared  to  have  more 
substance.  The  material  for  canning  was  cut  into  short  sections,  and 
the  presence  of  fiber  was  not  objectionable  quite  so  early  in  its  develop- 
ment as  in  the  cooked  material.  On  the  other  hand,  the  seeds  were 
more  objectionable  in  the  older  samples  of  the  canned  material  be- 
cause they  were  much  more  apparent  to  the  eye. 

TIME  OF  HARVEST 

From  the  standpoint  of  the  quality  of  the  material  the  most 
favorable  time  for  harvest  was  judged  to  be  when  the  fruit  was  6  to 
8  cm.  (2.5  to  3  inches)  long  or  approximately  6  days  of  age  when 
grown  at  a  mean  temperature  of  67.5°  F.  At  this  age  the  material 
has  good  color  and  flavor  and  excellent  substance.  It  is  tender  and 
satisfactory  in  texture.  Of  course  the  actual  age  will  depend  upon 
the  temperature,  as  shown  in  figure  6. 

When  both  yield  and  eating  quality  are  taken  into  consideration, 
the  8-  or  9-day  stage  was  judged  to  be  the  most  desirable.  The 
difference  between  the  quality  at  the  6-  and  8-day  stage  is  not  very 
great,  but  the  yield  increases  very  materially  between  6  and  8  days, 
as  this  is  the  period  of  very  rapid  growth.  The  fruits  are  9.5  to  13  cm. 
(4  to  5  inches)  long  at  8  to  9  days  of  age,  so  that  the  yield  obtained 
by  harvesting  at  this  stage  is  approximately  double  that  obtainable 
by  harvesting  at  6  days,  and  the  eating  quality  has  undergone  very 
little  change. 

DISCUSSION 

It  is  apparent  that  the  material  reaches  a  stage  considered  unpalat- 
able a  short  time  before  growth  in  length  ceases.  This  stage  is 
reached  long  before  the  maximum  amount  of  dry  matter  has  accumu- 
lated in  the  fruit.  The  changes  in  the  sugar  and  acidity  are  not  of 
much  significance  in  their  effect  upon  the  quality  of  the  material. 
The  character  and  amount  of  the  total  solids  determine  the  "sub- 
stance" and  resistance  of  the  material  to  disintegration.     The  pectin- 
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like  substances  and  the  mucilaginous  materials  are  important,  as  well 
as  the  fiber  (cellulose  and  lignin)  content. 

It  is  apparent  from  the  rate  of  growth  that  the  fruit  is  at  the  ideal 
stage  for  use  for  a  very  short  period  only.  If  the  material  is  grown 
for  market  on  a  large  scale  it  would  be  necessary  to  go  over  the  plant- 
ings each  day  in  the  warmest  part  of  the  summer,  in  order  to  prevent 
some  of  the  fruits  becoming  too  old  for  use. 

It  should  be  remembered  that  these  studies  were  confined  to  one 
variety  for  1  year  with  the  exception  of  the  observations  upon  the 
effect  of  temperature  on  the  crop.  Some  differences  between  varieties 
and  also  differences  due  to  seasonal  conditions  are  to  be  expected. 
From  the  practical  standpoint,  however,  it  is  believed  that  these 
would  not  be  of  great  importance,  except  as  they  affected  the  rate  of 
development  and  the  length  of  the  growing  period,  and  hence  the 
length  of  the  period  of  usefulness. 

SUMMARY 

Using  field-grown  okra  the  changes  in  certain  constituents  in  the 
entire  fruits,  in  the  ovarial  wall,  the  placental  tissue,  and  in  the  seed 
have  been  determined  at  1-  to  4-day  intervals  from  date  of  bloom  to 
34  days  of  age.  Accompanying  these  analyses,  measurements  of  the 
growth  rates  and  the  accumulation  of  the  chemical  constituents  have 
been  made.  The  eating  quality  has  also  been  .determined  by  the 
making  of  cooking  and  canning  tests. 

The  total  and  the  insoluble  solids  of  the  entire  fruit  decreased  up  to 
the  14-day  stage  of  maturity  and  then  increased  to  the  34-day  stage, 
whereas  the  soluble  solids  made  little  change.  The  total  sugars  were 
low  but  increased  somewhat  to  the  10-day  stage  after  which  there  was 
a  decline.  The  acidity  and  the  total  astringency  made  only  slight 
changes  that  appear  to  be  of  no  great  importance  as  the  fruits 
increase  in  age. 

The  fresh  weight  of  the  entire  fruit  increased  slowly  for  the  first 
few  days  after  bloom,  quite  rapidly  to  the  14-  or  18-day  stage,  then 
more  slowly  to  the  22-day  stage,  after  which  there  was  a  decrease. 
The  insoluble  solids,  the  total  solids,  and  the  total  nitrogen  also  accu- 
mulated in  somewhat  the  same  way  except  that  there  was  no  decrease 
between  the  22-  and  34-day  stages.  The  sugar  accumulated  to  the 
14-day  stage,  remained  nearly  constant  to  the  22-day  stage,  after  which 
it  decreased.  The  soluble  solids  increased  to  the  14-day  stage  and  then 
decreased  to  the  34-day  stage. 

The  effect  of  temperature  upon  rate  of  development  of  the  fruit  was 
studied  by  making  measurements  of  the  rate  of  increase  in  length  at 
various  mean  temperatures  from  47.5°  to  82.5°  F.  The  growth  rate 
more  than  doubled  for  each  increase  ofl8°F.  (10°C.)in  temperature. 

The  eating  quality  was  judged  to  be  rather  high  at  the  4-day  stage, 
increased  somewhat  to  the  6-day  stage,  then  slowly  declined  to  the  10- 
or  12-day  stage,  after  which  time  the  material  quickly  became  so 
fibrous  as  to  be  unsuited  for  table  use.  The  factor  that  was  most 
important  in  determining  the  eating  quality  of  the  cooked  material 
was  the  texture.  The  texture  is  influenced  or  determined  by  the 
chemical  and  physical  changes,  chiefly  the  tenderness  of  the  material 
and  in  the  solids  content,  and  by  the  nature  of  the  changes  in  the  dry 
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matter  or  solids.  The  material  reached  a  degree  of  fibrousness  that 
made  it  more  or  less  undesirable  for  table  use  a  short  time  before 
growth  in  length  actually  stopped. 
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